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Introduction
This paper deals with the oscillation behavior of second order half-linear neutral delay differential equation with "maxima" of the form (r (t )(z ′ (t )) α ) ′ + q(t ) max [σ(t ) ,t ] x α (s) = 0, t ≥ t 0 ≥ 0, (1.1) where z(t ) = x(t ) + p(t )x(τ(t )), subject to the following conditions:
(H 1 ) α ≥ 1 is a ratio of odd positive integers;
(H 2 ) r (t ) ∈ C 1 ([t 0 , ∞), (0, ∞)), and p(t ) ∈ C 2 ([t 0 , ∞), R) with 0 ≤ p(t ) ≤ p 1 < 1;
([t 0 , ∞), R), τ(t ) ≤ t and lim t →∞ τ(t ) = ∞;
(H 4 ) σ(t ) ∈ C 1 ([t 0 , ∞), R), σ(t ) ≤ t , σ ′ (t ) > 0 and lim t →∞ σ(t ) = ∞;
(H 5 ) q(t ) ∈ C 1 ([t 0 , ∞), [0, ∞)) with q(t ) is not identically zero on any ray of the form [T x , ∞) for any T x ≥ t 0 .
By a solution of equation (1.1), we mean a continuous real valued function x(t ) defined on the interval [T x , ∞) for some T x ≥ t 0 such that z(t ) and r (t )(z ′ (t )) α are differentiable on [T x , ∞) Differential equations with "maxima" arise naturally when solving practical and phenomenon problems, in particular, in those which appear in the study of systems with automatic regulation, and automatic control of various technical systems. It often occurs when the law of regulation depends on maximum values of some regulated state parameters over certain time intervals, see for example [2] and the references cited therein.
The problem of oscillation of differential equations without "maxima" has been widely studied by many authors, who have provided many methods for obtaining oscillatory and asymptotic behavior of solutions of various types of differential equations, see for example [7, 8, 9, 10, 11, 12, 13, 14, 19] . However, the oscillation theory of neutral differential equations with "maxima" received less attention eventhough such equations arise in many applications, see for example [1, 3, 4, 5, 6, 15, 16, 17, 18, 20] , and the references contained therein.
In [4, 6, 17, 20] , the authors established some conditions for all solutions of equation are oscillatory. Therefore, the results presented in this paper improve and complement to the results in [1, 4, 6, 16, 17, 20] .
In Section 2, we present some new oscillation criteria for equation (1.1) , and in Section 3
we provide some examples to illustrate the main results.
Oscillation criteria
In this section, we derive some new sufficient conditions for the oscillation of all solu-
, and assume A(t 0 ) < ∞. 
Proof. Let x(t ) be an eventually positive solution of equation (1.1). Then there exists a t
1 ≥ t 0 such that x(t ) > 0, x(τ(t )) > 0 and x(σ(t )) > 0 for all t ≥ t 1 . Then z(t ) > 0 for all t ≥ t 1 . Now it follows from equation (1.1) that (r (t )(z ′ (t )) α ) ′ = −q(t ) max σ(t ),t ] x α (s) ≤ 0, t ≥ t 1 . (2.1) OSCILLATION RESULTS
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Then r (t )(z ′ (t )) α is nonincreasing and r (t )(z ′ (t )) α is of one sign eventually. Hence z ′ (t ) is of one sign eventually, since r (t ) is positive. This completes the proof.
Lemma 2.2. If x(t ) is an eventually negative solution of equation (1.1), then z(t ) satisfies one
of the following two cases:
Proof. The proof is similar to that of Lemma 2.1, and hence the details are omitted.
Lemma 2.3. The function x(t ) is a negative solution of equation (1.1) if and only if −x(t ) is a positive solution of equation
Proof. Let x(t ) be a negative solution of equation (1.1). By taking y(t ) = −x(t ), the equation 
Proof. The proof can be found in [19] .
Theorem 2.5. Assume conditions (H 1 )−(H 5 ) and A(t
and there exists a positive, non-decreasing and differentiable function ρ(t ) such that
4)
and 
Case(I):
In this case, we have, z(t ) > 0, z ′ (t ) > 0 and (r (t )(z ′ (t )) α ) ′ ≤ 0 for all t ≥ t 1 . Then from the properties of z(t ), and τ(t ) ≤ t we have
for all t ≥ t 1 . Therefore
Now using (2.6) in equation (1.1), we obtain
Define a function w (t ) by
Then w (t ) > 0 for all t ≥ t 1 , and
where we have used Lemma 2.4. Now integrating the inequality (2.7) from t 1 to t , we get
Now taking limit supremum as t → ∞ in the last inequality we obtain a contradiction to (2.4).
Case(II):
In this case z(t ) > 0, z ′ (t ) < 0 and (r (t )(z
Integrating the last inequality from t to l , we get
Letting l → ∞ in the last inequality, and using the fact z(t ) is positive decreasing, we have
Using (2.8) and (2.9), we obtain
From (2.9), we see that z(t ) A(t ) is nondecreasing and since τ(t ) ≤ t , we have
Using the last inequality in equation (1.1), we have
Since v(t ) < 0 for all t ≥ t 1 and α ≥ 1 is a ratio of odd positive integers, we have
for all t ≥ t 1 . From this and (2.8) and (2.11), we obtain
for all t ≥ t 1 . Multiplying the last inequality by A α (t ) and then integrating the resulting inequality from t 1 to t and using (2.10), we get That is,
Substituting (2.15) in (2.14), we get
Taking limit supremum as t → ∞, we obtain a contradiction with (2.5). Now the proof is completed. we get a contradiction to (2.4).
In this case z(t ) > 0, z ′ (t ) < 0 and (r (t )(z ′ (t )) α ) ′ ≤ 0 for all t ≥ t 1 . Now defining the function v(t ) as in Theorem 2.5, we get (2.9), (2.10) and (2.13). Since z(t ) is positive decreasing we have lim t →∞ z(t ) = c ≥ 0. We claim that c > 0. If not then lim t →∞ z(t ) = 0, since 0 < x(t ) ≤ z(t ), which is a contradiction. Therefore for every ǫ > 0, we have c < z(t ) < c +ǫ. Now choosing
, we have
. Therefore, from (2.12), we have
where we have used the monotonicity of z(t ) and σ(t ) ≤ t . Then the rest of the proof is similar to that of Case (II) of Theorem 2.5, so it is omitted. The proof is now completed. 
− p(s)A(τ(s)) A(s)

